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Abstract: This paper presents on-going ethnographic fieldwork in design research
conducted in an x-ray laboratory. The study investigates physicists’ hand sketching as
a collaborative imaging practice and depicts collaborative drawing as a distinct form
of knowledge in between the spaces of notation and verbal articulation. Physicists’
collaborative sketching is captured through methods taken from design research and
STS, including participant observation, videography and drawings by the design
researcher. In order to analyse the functions of the collaborative sketching, three key
aspects of the research are discussed in this paper. First, the spaces and materiality
of the laboratory are observed. Second, the hybrid practices combine old and new
technologies and (non)-human agencies. And third, knowledge is transferred through
sketches as “enabling objects” of communication. Finally, it is argued that the
observed collaboration resembles a complex communication system that can be
explained through a visual typology.
Keywords: collaboration, digital imaging practices, hand sketching, ethnography

Introduction
With this paper, I present an ethnographic field study of an experimental physics laboratory
in which collaborative hand sketching is a common practice of the physicists at work there.
Experimental physicists are experts in data simulation and the use of digital media. In
addition to digital imaging practices, the scientists also regularly revert to hand drawing in
their daily work in the laboratories. It seems that sketching on boards, sheets of paper and
notebooks continues to be the technique at hand in situations of professional and
collaborative communication (Henderson 1999, Rheinberger 2003, Wittmann 2012).
Yet, physicists’ use of sketching techniques is informal and stays in the laboratory. The
collaborative sketches do not find their way into publications or presentations outside of the
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0
International License.
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research site (Galison 2000). What specific functions do the collaborative sketching activities
and the resulting sketches have?
My project aims at getting hold of the knowledge involved in thought processes during
physicists' drawing activities. The hypothesis is that collaborative sketching is a
communication system in its own right. Besides being a tool for thinking and communicating
together, I argue that the collaborative sketching activity functions as a visual language.
Hereby, the sketches represent a specific genre of visual thinking within the discipline of
experimental physics.
In my design approach, the interactions displayed in collaborative activities such as gesture,
language, body movement and the use of space are observed and visualized through a
micro-sociological investigation. I look closely at the interaction between all agencies,
human and nonhuman, involved in the exchange. The investigation focuses on three aspects
of drawing and sketching as a collaborative imaging practice of scientists: First, it focuses on
the spatial dimension of sketching in the laboratory; second, on the hybrid practices of
collaborative hand sketching and digital technologies; and finally, on sketches as enabling
objects of communication and knowledge transfer. I understand these working practices as
design techniques because they enable the planning of experiments, the imagination of new
projects and the visualization of complex data information.
In recent years, there has been a growing interest in ethnographic studies on design
processes mainly in architecture and engineering (Henderson 1999, Murphy 2005, Yaneva
2009). These studies are mostly carried out by trained anthropologists or sociologists and
take their place in the long tradition of laboratory and workplace studies in Science and
Technology Studies (Latour and Wolgar 1986). In the humanities, the vast amount of studies
on diagrammatic notations and scientific drawings are theory-led and do not include a
practice-based or designerly perspective (Krämer and Bredekamp 2009, Wittmann 2012).
The problem is, though, that contexts and spaces of material production are often
overlooked in the analysis of scientific images and notations. Another problem is that
drawing activity is often an introspective and singular activity, which is difficult to observe.
Due to the fact that investigators are not on site when the drawing action takes place, they
have to rely on archival material and already existing visual notations (Hoffmann 2008, p.13,
Hoffmann 2013, p.280). Rather, my research interest is not in the drawing as a result, but in
the epistemische Verfahren (Hoffmann 2008, p.7), the epistemic procedures of notation,
drawing, and visual communication. I understand the cultural technique of drawing as a
process in the making, which is non-linear and iterative (Maye 2010).

Research Methods
Assemblage of Grounded Methods
The research procedure can be defined as an assemblage of methods. It consists of a
mixture of design and anthropological methods. Participant observation and videography of
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the ad-hoc sketching sessions are methods taken from sociology, which I use to gain insights
into the processes involved in drawing interactions. Video-Interaction-Analysis and
conversation analysis are applied for the interpretation of the video material (Knoblauch
2010, Alač 2011, Heath, et al 2010, Murphy 2005). These methods are accompanied by
extensive explorative drawings by the design researcher (Goldschmidt 2014).
In traditional ethnographic research, the researcher's observation mainly relies on textbased materials. Notes, interviews and journals form the basis of the research, even if
photographs, film and video material, or drawings accompany the research. In my design
research approach, the importance of visual media is central to the examination. Here,
drawing is not only the object of research, but also a research method. It is used as a tool for
communication among scientists and for visualizing research insights. The participant
observation in a science laboratory becomes an activity in which both parties are involved
through their common practice of sketching and imaging. Reflectively writing about the
visual material allows for the qualitative data to fit into a theoretical framework, based on
grounded theory with a “bottom-up” attitude (Glaser and Strauss 1967, Charmaz 2006).

Sketching as Method
Within the research scope, the use of drawing assists in accessing the field. Sketches in
particular are the key to accessing, perceiving and analysing the observed activities.
Sketching as a research tool serves different research purposes, as the resulting sketches
have various functions. The following list includes the types of sketching applied in the
project so far:
 Visual research journal:
The most important tool of the ethnographic study is a visual research journal,
in which all observations, actions and thoughts are noted down. These
notations vary from diagrammatic writings to figurative drawings of
observations, and more abstract recordings of perceptions. The graphic note
taking is partly formalized and contains information about the date, space,
participants, and actions on each page. This formalization helps those involved
remember the research process and makes the notations better usable as
research material.
 Explorative drawing:
Sketching on site for hours in one place opens up a greater awareness of the
situation at hand. The design researcher can participate in the spaces and the
daily routine just by drawing his or her perceived impressions. Drawing serves
here also as a meta-reflection on the drawer's role as researcher in the field.
Sketching as a tool for data analysis:
The visual interpretation and analysis of the research material gained on site
constitutes a major part of the research. The “re-endrawments“ and analytical
sketches are mainly executed digitally on a graphic tablet and then ordered
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into a graphic typology. They will ultimately result in a graphic language of the
research.

Sketching in analytical x-ray physics
The first part of the ethnographic fieldwork was carried out between February and October
2015 in the Berlin Laboratory for innovative X-ray Technologies (BLiX) at the Technical
University Berlin. The laboratory is concerned with applied research in the field of analytical
x-ray imaging in close collaboration with industry and international research institutions. Its
premise is to adapt state of the art x-ray technologies from the synchrotron to small
laboratories. Their research involves imaging technologies such as x-ray fluorescent
spectroscopy (XRF) for art and cultural assets, x-ray microscopy (LXTM) for biological
compartments such as cells, or x-ray absorption near-edge spectroscopy (XANES) for the
chemical specification of materials.
Around twenty people work in the BliX laboratory: scientists, engineers, and both graduate
and undergraduate students. They are either specialised or are being trained in designing,
setting up and running experiments, as well as developing computer simulations, theoretical
calculations, and analysing imaging data. Their daily work is mainly organised into
collaborative teamwork combining theory and practice, and involve calculating, writing and
drawing by means of analogue, digital, and hybrid media. The experiments take place in
these working spaces and are frequently accompanied by talks, meetings, and collaborative
practical work.

Sketching Spaces
The laboratory is a high technology setting and its environment is packed with computers,
digital devices, high-precision instruments, technical accessories, and tools. Every room,
from social meeting space to work office and laser laboratory, is also equipped with drawing
and notation devices. The blackboards, whiteboards, flipcharts, stacks of white paper,
laboratory notebooks, and corresponding writing-drawing instruments are part of the
furniture in the nearly twenty rooms over three floors of the university building (Figure 1).
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Figure 1: Laboratory room with whiteboard and meeting space. Pencil on Paper, Drawing by the
author, 2015.

But, the devices and tools alone do not facilitate drawing collaboration. It is the particular
furnishings of the working spaces in the laboratory rooms that allow for informal gatherings
and drawing activities. Each room is equipped with either sofas and low tables or empty
tables and extra chairs, on which most of the interactions take place. The meetings are often
scheduled via email or telephone. But, they can also happen ad hoc when people meet while
leaving or entering work spaces through open doors. Most doors stay wide open during the
day and are only closed during lunch breaks or if nobody is near the space. My first
impression of the lab spaces was the vivid exchange of people in between rooms,
laboratories and meetings. It became obvious through explorative drawing that the constant
coming and going, talking and spontaneous gathering was possible because of the many
open doors. Hence, the spatial quality of the lab establishes the basis for collaborative
drawing action (Figure 2).
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Figure 2 Laboratory spaces. The drawings indicate doors, which are always open and allow for
anyone to enter and leave without prior announcement. Top left: open doors in the main
meeting room; Bottom left: floor plan of the meeting room with doors and meeting space.
Drawings in visual research journal by the author, 2015; Top right: typical door in the Lab
with blackboard and diagram. Image and drawing by the author, 2015.

Hybrid practices of collaborative hand sketching and digital technologies
The relations between human and nonhuman agencies in socio-technical arrangements such
as a science laboratory can be referred to as “hybrid collectives” (Callon 2004). Various
instruments, tools and media are used in the lab to set up and carry out experiments, as well
as to transfer and analyse data. These “mixed-use practices” combine old analogue and new
digital procedures (Henderson 1999, p.167). But how do these practices interplay in detail?
Latour’s “paperwork” and Klein’s “papertools” are two notions of the importance of visual
practices in the sciences and their materiality (Latour 1986, Klein 2001). Still, in the twentyfirst century, paper is crucial as a material for knowledge communication and transfer. On
the other hand, “inscriptions” (Latour 1990) can be materialized in many other materialities
apart from paper. Blackboards and whiteboards are classic analogue spatial media tools in
almost every laboratory. However, the mix of analogue and digital media formats is
increasingly common. The act of inscribing, and specifically drawing as an epistemic activity
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and object, assembles a whole range of analogue and digital, old and new technologies. The
integration and adaption of technologies involve PCs, laptops, mobile phones, digital
screens, tablets, boards, paper printouts, notebooks, photographs, projections, and more.
Spaces of research, like the BLiX, enable constant media transformations of diagrams, data
visualizations and simulation, imaging, calculation, and geometry through manual
techniques and digital technologies (Figure 3).

Figure 3 Collaborative Drawing Practices in the Laboratory. Left: During an laser experiment in the
laboratory, the digital data is manually transferred into the logbook. One scientist (not in
image) reads the data out loud. The second researcher sits at the table and notates the data
into tables. Image by the author, 2015.
Right: Page in the visual research journal: In the subgroup meeting, experimental data is
collaboratively analysed using visual media tools: whiteboards, printouts, mobile phone
cameras, laptop screens, notebooks and journals. Drawing by the author, 2015.

The so-called “intermedial processes” (Wittmann 2012, p.146–148) on paper are only one
aspect in the formation of scientific knowledge through drawing. Actually, the media format
is extended into the space and onto the body. These invisible traces can be observed in
collaborative drawing activities and their implied multi-media transformations. The drawing
is materialized not only as a trace, but also memorized and archived in human and
nonhuman bodies, as well as spaces (Figure 4).

Figure 4 Video stills of video sequence documenting the transformation of bodies and spaces during
a group meeting. Video by the author, 2015
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Group meetings at BLiX are not static gatherings around a table or drawing device. The space
of communication is actively extended into the room. The invisible space of communication,
the “o-space” (Heath 2013), is diminished and extended as it relates to the visual material at
hand. This folding-unfolding in space is related to the method of unfolding data in science,
meaning the close examination and interpretation of data collected through experiments or
simulation. Bodily and material practices “unfold” in space as the group unfolds the
experimental data.
“Folding-unfolding no longer simply means tension-release, contraction-dilation, but
enveloping-developing, involution-evolution … The simplest way of stating the point is
by saying that to unfold is to increase, to grow; whereas to fold is to diminish, to
reduce, “to withdraw into the recesses of a world.” (Deleuze 1993, p.8)

This embodied unfolding technique can be observed at BLiX in one instance where the group
is discussing geometry through gesturing: arms become axes and vectors, hands are lenses
and light rays, the body bends like the angle of the detector. Gestures and body language
become an essential part of the drawing episteme in the knowledge creation of the
physicists (Figure 5).

Figure 5 Video still of video sequence documenting the gestures during a group meeting. Video by
the author, 2015

Sketches as enabling objects for communication and knowledge transfer
Sketching by hand can be observed in the laboratory whenever a problem is discussed or
suggestions are made. Together with speech and gesture, the imaging practice of sketching
functions as a multi-modal performance for social interaction (Blumer 1986).
Yet, beyond its performative character, sketching arranges objects and tools that seem to
enable communication and knowledge transfer in the first place. Physicists' micro-social
interactions can take the following form, for example: One sheet of white paper and one pen
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for the whole group is placed in the middle of the table, independently of the group size and
other technologies involved. The pen is then passed between those who talk and sketch
(Figure 6). Henderson described a similar activity of engineers as a design practice
“suggesting one mind instead of two”, and “the practices of sketching and drawing
constitute communication in the design world” (Henderson 1999, p.25). It appears that
these practices apply not only to the design world, but can also be transferred to other
disciplines. Thus, these observations and assumptions call for a more thorough visually
based analysis. Therefore, a video recording of one such collaborative sketching session has
been put through a collaborative data session with designers, sociologists and scientists. In
the video interaction analysis, image and speech are looked at simultaneously.

Figure 6 Two situations of collaborative drawing action with “turns at talk” through passing the pen.
Left: Drawing extracted from video still, Right: Video still, Images by the author, 2015.

The following initial conclusions were drawn from the data session:
 The whole communication is dominated by speech overlaps, and “turns at
talk” (Goffman 1981, p.22–23): the pen serves as both instrument and speechgiver or taker. The person holding the pen holds the right to speak.
 The sketches function as objects, which are addressed as a “third” agency in
the interaction. The paper sketch serves as a mediating object facilitating the
exchange of thoughts.
 The specific formation of paper, pen, supporting space, technologies and
drawing bodies decides how communication takes place. The thought
processes are related to the surrounding space and the interaction with the
media at hand.
In a second step, the resulting sketch was redrawn on a timeline with two different colours,
one for each drawer (Figure 7).
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Figure 7 Images of sketch from collaborative drawing activity. Left: Collaborative sketch by the
physicists on paper; Right: animated “re-endrawment” depicting the quantity of drawing
activity with colours. Time-based animation by the author, 2015.

The visual language of sketches in experimental physics
There have been numerous studies on the epistemic and collaborative practices in design
and the sciences (Traweek 1988, Goldschmidt 1991, Henderson 1999, Knorr-Cetina 1981,
2001). One of these investigations, an ethnographic study by sociologist Karin Knorr-Cetina
on epistemic practices in experimental physics, points out that the whole discipline is
structured around collective work (Knorr-Cetina 1981). According to her, in experimental
physics there exists not only a collective discourse, but rather a “viscourse”: the production
and presentation of visual material (Knorr-Cetina 2001, p.308). The study emphasizes the
importance of shared visual thinking. Still, the text does not describe or show in detail what
exactly constitutes the visual language of physics.
The material of the field research has thus far invited the assumption that the visual thinking
through sketching prevalent in experimental physics resembles a complex communication
system. At the present stage of this inquiry, the scope of my design research is a deep
analysis of the functions within this visual language system. To date, there exists no such
typology, which combines and contextualizes spaces, bodies, gesture, technologies and
sketches. Through the design perspective, and with design methods, a visual analysis of the
drawing practices and a detailed typology of the specific functions of sketches can be
accomplished. The following sections sketch out some initial explanations and analyses.
The visual language and drawing conventions used by the scientists mainly contain graphs,
maps, flow charts, circuits, and models. The media formats are filled with image and text
compositions of known and learned graphic representations. They stem from geometrical
and mathematical sources, such as formulas, vectors, and symbols. Technical drawings and
geometrical forms are accompanied by coding expressions and digital graphs, which are
common visualizations in the field of experimental physics. The sketches are linear, usually
flat, and without any spatial perspective or three-dimensional imaging (Figure 8).
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Figure 8 Collaborative drawing by the physicists on a whiteboard in the lecture room. Drawing
originates from different dates and meetings. The various graphic styles are indicated in the
text by the design researcher. Photo by the author, 2015.

The simplicity of the drawings is striking because it contrasts with the high complexity and
level of abstraction involved in scientific thought processes. In order to find out more about
the origin of this specific graphic style, the collected field research material was subjected to
a closer inspection. Also, semi-structured video interviews with the scientists were
conducted (Figure 9).

Figure 9 Physicist and design researcher in the interview using the physicist's paper notebook as a
“third agency” to enable knowledge transfer

1007

Judith Marlen Dobler

This “grounded” procedure led to the first trace: It was noticed that paper notebooks are
common tools for scientists’ practice in the laboratory. Notebooks, laboratory logbooks and
journals are basic hardware equipment of the experimental scientists, in addition to the
experimental setups (Figure 10). Almost every object and subject is connected to this
medium. If the BLiX laboratory is taken as a representative of the community, then a wide
range of cultural backgrounds and nationalities, levels of expertise, and different age groups
work in this field. The laboratory receives regular visits by international guest researchers,
and the members of the lab in turn visit other research sites around the world. The common
spoken language is usually English. In the BLiX laboratory, the logbooks are used collectively
and even private notebooks are shared and distributed. From the 20-year-old
undergraduate student to the East German emeritus physicist (who wrote his dissertation in
Russian back in the 1970s in Moscow); from the Japanese guest scientist to the
chemists/biologists/material scientists visiting the lab: they all possess a notebook. A closer
look at their books reveals the same graphic style described above. The books appear to
have been constituting thought collectives and thought styles, in the Fleckian sense (Fleck
1980), of a whole scientific community over decades and maybe even centuries (Holmes et
al, 2003). In their conversations, the same specific visual language accompanies their
speaking.
The next step in the research project will be to unfold the already available visual material.
First, a layout of the complete data will present an overview. The second step will be to
analyse and interpret the data by ordering and connecting the different types of
communication. Finally, the material will be synthesized into a visual structure, which serves
as a typology.

Figure 10 Video Still of two scientists in the laboratory looking at data on screens and at notations in
the laboratory notebook: An assemblage of human and nonhuman agencies, analogue and
digital technologies, and interactions in the social space. Video by the author, 2015
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Concluding Notes
The material presented from the ethnographic field study documents the fact that
collaborative drawing practices are common activities in experimental physics. The spatial
quality of the physicists’ laboratory enables vivid social interaction and collaborative action.
The resulting sketches of these activities function as enablers of communication and
transitional objects of knowledge. They build a “third” space in which knowledge can be
created and transferred.
During my presence in the field and with the mix of applied methods, it became obvious that
the observed collaborative activities were not singular events, but were instead embedded
in a deeper culture of communication and visual language system within the discipline. The
practices can be understood as epistemic procedures in a field in which thinking and
communicating function mainly visually. Despite the complexity of interactions including
speech, gesture, and non-human agencies, the visual language remains surprisingly simple.
This research raises the question as to the specific functions of the sketches. It is argued that
the grounded research procedure through and with drawing can achieve a deeper
understanding of collaborative sketching and its function. The design researcher uses
drawing as a research tool for analysing physicists’ graphic style. Yet, the drawing and
sketching practices of the scientists are the objects of research and are not to be confused
with the activity of drawing done by the design researcher. With the research approach
developed here, it is possible to build a visual typology of the observed scientists’ graphic
language.
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